AFRL-HE-BR-TR-1 998-001 7 


UNITED  STATES  AIR  FORCE 
RESEARCH  LABORATORY 


TESTING  AND  EVALUATION  OF  THE 
THERAPEUTIC  AND  HIGH  ALTITUDE 
LOW  OPENING  (HALO)  OXYGEN  SYSTEM 
FOLLOW-ON  OPERATIONAL  TEST 
AND  EVALUATION  (FOT&E) 

OF  THE  C-1 7  AIRCRAFT 

Edward  W.  Hade 
KRUG  Life  Sciences 
2504  Gillingham  Drive,  Suite  25 
Brooks  AFB,  Texas  78235-5104 


Jacqueline  D.  Hale,  Lt  Col,  USAF 
Butch  O.  Blake,  MSgt,  USAF 


HUMAN  EFFECTIVENESS  DIRECTORATE 
FLIGHT  STRESS  PROTECTION  DIVISION 
SYSTEMS  RESEARCH  BRANCH 
2504  Gillingham  Drive,  Suite  25 
Brooks  AFB,  Texas  78235-5104 


June  1998 


Approved  for  public  release;  distribution  is  unlimited. 


NOTICES 


This  final  technical  report  was  submitted  by  personnel  of  the  Systems  Research 
Branch,  Crew  Technology  Division,  Armstrong  Laboratory,  AFMC,  Brooks  Air  Force 
Base,  Texas,  under  job  order  7184-56-01. 

This  report  was  prepared  as  an  account  of  work  sponsored  by  an  agency  of  the 
United  States  Government.  Neither  the  United  States  Government  nor  any  agency 
thereof,  nor  any  of  their  employees,  nor  any  of  their  contractors,  subcontractors,  or  their 
employees,  makes  any  warranty,  expressed  or  implied,  or  assumes  any  legal  liability 
or  responsibility  for  the  accuracy,  completeness,  or  usefulness  of  any  Information, 
apparatus,  product,  or  process  disclosed,  or  represents  that  its  use  would  not  infringe 
privately  owned  rights.  Reference  herein  to  any  specific  commercial  product,  proce^, 
or  service  by  trade  name,  trademark,  manufacturer,  or  otherwise,  does  not  necessarily 
constitute  or  imply  its  endorsement,  recommendation,  or  favoring  by  the  United  States 
Government  or  any  agency,  contractor,  or  subcontractor  thereof.  The  views  and 
opinions  of  the  authors  expressed  herein  do  not  necessarily  state  or  reflect  those  of 
the  United  States  Government  or  any  agency,  contractor,  or  subcontractor  thereof. 

When  Government  drawings,  specifications,  or  other  data  are  used  for  any 
purpose  other  than  in  connection  with  a  definitely  Government-related  procurement, 
the  United  States  Government  incurs  no  responsibility  or  any  obligation  whatsoever. 
The  fact  that  the  Government  may  have  formulated  or  in  any  way  supplied  the  said 
drawings,  specifications,  or  other  data,  is  not  to  be  regarded  by  implication,  or 
otherwise  in  any  manner  construed,  as  licensing  the  holder  or  any  other  person  or 
corporation:  or  as  conveying  any  rights  or  permission  to  manufacture,  use  or  sell  any 
patented  invention  that  may  in  any  way  be  related  thereto. 

The  Office  of  Public  Affairs  has  reviewed  this  report,  and  it  is  releasable  to  the 
National  Technical  Information  Service,  where  it  will  be  available  to  the  general  public, 
including  foreign  nationals. 

This  report  has  been  reviewed  and  is  approved  for  publication. 

Government  agencies  and  their  contractors  registered  with  Defense  Technical 
Information  Center  (DTIC)  should  direct  requests  for  copies  to:  Defense  Technical 
Information  Center,  8725  John  J.  Kingman  Rd.,  STE  0944,  Ft.  Belvoir,  VA  22060-6218. 

Non-Government  agencies  may  purchase  copies  of  this  report  from:  National 
Technical  Information  Services  (NTIS),  5285  Port  Royal  Road,  Springfield,  VA  22161- 
2103. 


BUTCH  O.  BLAKE,  MSgt,  USAF 
NCOIC,  Aeromedical  Research 


ROGER  L.  STORK,  Colonel.  USAF.  BSC 
Chief,  Crew  Technology  Division 


REPORT  DOCUMENTATION  PAGE 


Form  Approved 
0MB  No.  0704-0188 


Pdilic  reporting  burden  for  tNs  collection  of  mformation  is  estimated  to  average  1  hour  per  response,  including  the  time  for  reviewing  instructions,  searching  existing  data  sources,  gathering  and  maintaining  the  data  needed,  and  completing  and  reviewing 
the  collection  of  information.  Send  comments  regarding  this  burden  estimate  or  any  other  aspect  of  this  collection  of  infonnation,  including  suggestions  for  reducing  this  burden,  to  Washington  He^arters  Services,  Directorate  for  Information 
Operations  and  Reports,  1215  Jefferson  Davis  Highway,  Siite  1204,  ArGngton,  VA  22202-4301  and  to  the  Office  of  Management  and  Budget,  Paperwork  Redwtion  Project  (0704-0188),  Washington,  DC  20503. 


1.  AGENCY  USE  ONLY  (Leave  blank) 


REPORT  DATE 


3.  REPORT  TYPE  AND  DATES  COVERED 


June  1998 


4.  TITLE  AND  SUBTITLE 

Testing  and  Evaluation  of  the  Therapeutic  and  High  Altitude  Low  Opening  (HALO) 
Oxygen  System  Follow-On  Operational  Test  and  Evaluation  (FOT&E)  of  the  C-17 
Aircraft 


6.  AUTHOR(S) 

Edward  Hade 
Jacqueline  D.  Hale,  LtCol 

Butch  0.  Blake,  MSgt _ 


7.  PERFORMING  ORGANIZATION  NAMEIS)  AND  ADDRESS(ES) 

Air  Force  Research  Laboratory  (AFMC) 

Human  Effectiveness  Directorate 
Flight  Stress  Protection 
2504  Gillingham  Dr.  STE  25 

Brooks  AFB  TX  78235-5104 _ 


9.  SPONSORINGIMONITORING  AGENCY  NAME(S)  AND  ADDRESS(ES) 


Final,  August  1996 


5.  FUNDING  NUMBERS 

PE:  62202F 
PR:  7184 
TA:  56 
WU:  01 


8.  PERFORMING  ORGANIZATION 
REPORT  NUMBER 


AFRL-HE-BR-TR-1998-0017 


10.  SPONSORINGIMONITORING 
AGENCY  REPORT  NUMBER 


12a.  DISTRIBUTION  AVAILABILITY  STATEMENT 


Approved  for  public  release;  distribution  unlimited. 


13.  ABSTRACT  (Maximum  200  words! 

HQ  AFMC/SG  requested  FOT&E  to  quantify  the  medical  capabilities  of  the  C-17  passenger  oxygen  system  to  support 
aeromedical  (AE)  operations.  Specifically,  this  testing  effort  was  performed  to  1)  determine  if  the  therapeutic  outlets  could 
provide  sufficient  flow  rates  and  pressures  to  support  ventilators,  2)  determine  if  the  high  altitude  low  openiug  (HALO) 
outlets  could  provide  sufficient  flow  rates  and  pressures  to  support  medical  flow  meters,  and  3)  document  the  effects  of  an 
emergency  mask  deployment  on  the  HALO/  therapeutic  function. 


14.  SUBJECT  TERMS 

c-17 

oxygen  system 
therapeutic  oxygen  system 


17.  SECURITY  CLASSIFICATION 
OF  REPORT 

UNCLASSIFIED 


aircraft  medical  equipment 

aeromedical  HALO  oxygen  system 

airworthy _ 


18.  SECURITY  CLASSIFICATION  19.  SECURITY  CLASSIFICATION 

OF  THIS  PAGE  OF  ABSTRACT 


UNCLASSIFIED 


UNCLASSIHED 


Dnc  QUAUTT  nraPBOTBD  8 


15.  NUMBER  OF  PAGES 

12 

16.  PRICE  CODE 


20.  LIMITATION  OF 
ABSTRACT 


Standard  Form  298  (Rev.  2*89)  (EG) 

PrescnbedbyANSt  Std.  239.18 

Designed  using  P^orm  Pro,  WKSfDIOR,  Oct  S4 


TABLE  OF  CONTENTS 


SECTION  1  INTRODUCTION . 1 

1.0  PURPOSE  AND  BACKGROUND . 1 

1.1  SYSTEM  INFORMATION . 1 

1.1.1  Background . 1 

1.1.2  Description . 1 

1.1.3  Test  Team,  Location,  and  Dates . 2 

SECTION  2  FOT&E  OUTLINE . 2 

2.0  CRITICAL  OPERATIONAL  ISSUES  (COIs) . 2 

2.0.1  COI-1 . 2 

2.0.2  COI-2.  . 2 

2. 1  SCOPE  AND  TEST  CONCEPT . . 2 

2.1.1  Test  Scope . 2 

2.1.2  Test  Concept . 2 

SECTION  3  METHODOLOGY . 3 

3.0  GENERAL . 3 

3.0.1  Description . 3 

3.1  COI-1 . 3 

3.1.1  Scope . 3 

3.1.2  Measures  of  Efectiveness/Performance  (MOE/MOP)  and  Evaluation  Criteria . 3 

3.1.2.1  MOEl-1 . 3 

3.1.2.1.1  MOP  1-1-1 . 3 

3.1.2.1.2  MOP  1-1-2 . 3 

3.1.2.1.3  MOP  1-1-3 . 3 

3.1.3  Mission  Scenarios . 3 

3.1.3.1  MOP  1-1-1 . 4 

3.1.3.2  MOP  1-1-2  and  MOP  1-1-3 . 4 

3.1.4  Method  of  Evaluation . 4 

3.1.5  Results . 4 

3.1.6  Recommendations . 4 

3.2  COI-2 . 4 

3.2.1  Measures  of  Effectiveness/Performance  (MOE/MOP)  and  Evaluation  Criteria . 4 

3.2.1.1  MOE2-1 . 5 

3.2.1. 1.1  MOP  2-1-1 . 5 

3.2.1.1.2  MOP  2-1-2 . 5 

3. 2. 1.2  MOE2-2 . 5 

3.2.1.2.1  MOP  2-2-1 . 5 

3.2.2  Mission  Scenario . 5 

3.2.3  Method  of  Evaluation . 5 

3.2.3.1  MOP  2-1-1  and  MOP  2-1-2 . 5 

3.2.3.2  MOP  2-2-1 . 5 

3.2.4  Results . 6 

iii 


3.2.4.1  MOP  2-1-1  and  MOP  2-1-2 . 

3. 2.4.2  MOP  2-2-1 . 

3.2.5  Recommendations . 

SECTION  4  SUPPLEMENTS . 

4.0  ARMSTRONG  LABORATORY  TEST  PLAN, 


I 


iv 


VO  VO  ^  VO  VO 


ACKNOWLEDGMENTS 


The  Authors  would  like  to  thank  those  who  helped  and  provided  advice  during  the  follow  on  test 
and  evaluation  of  the  C- 17  Oxygen  System.  They  would  particularly  like  to  thank: 

TSgt  Allen  Jones 
Mr  Douglas  Townsend 
Mr  Raul  Garcia 


V 


TESTING  AND  EVALUATION  OF  THE 
THERAPEUTIC  AND  HIGH  ALTITUDE 
LOW  OPENING  (HALO)  OXYGEN  SYSTEM 

FOLLOW-ON  OPERATIONAL  TEST  AND  EVALUATION 
(FOT&E)  OF  THE  C-17  AIRCRAFT 

SECTION  1 

INTRODUCTION 

1.0  PURPOSE  AND  BACKGROUND.  HQ  AMC/SG  requested  FOT&E  to  quantify  the 
medical  capabilities  of  the  C-17  passenger  oxygen  system  to  support  aeromedical  (AE) 
operations.  Specifically,  this  testing  effort  was  performed  to  1)  determine  if  the  therapeutic 
outlets  could  provide  sufficient  flow  rates  and  pressures  to  support  ventilators,  2)  determine  if 
the  high  altitude  low  opening  (HALO)  outlets  coiild  provide  sufficient  flow  rates  and  pressures  to 
support  medical  flow  meters,  and  3)  document  the  effects  of  an  emergency  mask  deployment  on 
the  HALO/  therapeutic  function. 

1.1  SYSTEM  INFORMATION. 

1.1.1  Background.  Aeromedical  oxygen  system  tests  during  dedicated  Initial  Operational  Test 
and  Evaluation  (lOT&E)  found  that  the  therapeutic  oxygen  pressure  was  higher  than  the  required 
50  +/-  5  pounds  per  square  inch  gauge  (psig).  However,  the  test  aircraft  (89-1 190,  P-4)  had  not 
been  modified  with  new  oxygen  regulators.  Negotiated  Change  Order  (NCO)  8375  addressed 
the  modified  HALO/therapeutic  regulator,  and  thereafter  modified  regulators  were  installed  on 
all  production  aircraft.  This  test  intended  to  verify  that  the  modified  regulators  meet  aeromedical 
requirements.  Additionally,  HQ  AMC/SG  asked  whether  the  HALO  system  could  be  used  for 
therapeutic  purposes,  thereby  increasing  the  number  of  available  oxygen  outlets  for  patient  care. 
The  impact  of  an  emergency  oxygen  mask  deployment  on  the  therapeutic/HALO  oxygen 
function  was  also  questioned. 

1.1.2  Descrintion.  The  cargo  compartment  oxygen  system  consists  of  therapeutic,  HALO,  and 
emergency  functions.  The  therapeutic  function  has  five  outlets  to  operate  ventilators  and 
respirators,  while  the  HALO  function  has  58  outlets  for  personnel  airdrop  requirements.  The 
emergency  function  provides  emergency  oxygen  to  all  passenger  and  patient  masks. 
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1.1.3  Tft«;t  Te,am.  Location,  and  Dates.  This  test  was  conducted  on  29  June  1 996  at  Pope  APB, 
NC  in  conjunction  with  the  C- 17  Personnel  Formation  Airdrop  Test.  Armstrong  Laboratory 
(AL/CFTS),  Brooks  AFB,  TX  provided  a  test  engineer  and  two  data  collectors. 

SECTION  2 

FOT&E  OUTLINE 

2.0  CRITICAL  OPERATIONAL  ISSUES  (COIs) 

2.0.1  COI-1.  Are  solutions  to  previously  identified  deficiencies  effective? 

2.0.2  COI-2.  Does  the  C-17  continue  to  effectively  perform  the  air  mobility  mission? 

2.1  SCOPE  AND  TEST  CONCEPT 

2.1.1  Test  Scone.  This  test  was  to  validate  that  the  C-17  therapeutic  oxygen  system  would  meet 
aeromedical  requirements  during  normal  and  emergency  flight  operations.  It  was  also  performed 
to  evaluate  the  effectiveness  of  the  HALO  outlets  to  supplement  the  therapeutic  system  and 
thereby  provide  additional  oxygen  for  aeromedical  use.  The  test  was  conducted  in  three  phases: 
1)  first  we  confirmed  that  the  new  oxygen  regulator  would  meet  established  aeromedical 
operational  requirements,  2)  then  we  determined  that  HALO  outlets  could  be  used  for  medical 
purposes  without  degrading  the  therapeutic  oxygen  function,  3)  and  finally  we  assessed 
therapeutic/HALO  oxygen  function  during  simulated  unpressurized  flight  conditions. 

2.1.2  Test  Concept.  All  tests  (Supplement  4.0)  were  conducted  on  an  instrumented,  static 
aircraft.  Armstrong  Laboratory  personnel  instrumented  the  test  aircraft  with  mass  flowmeters, 
universal  biometers,  flowmeter  switch  boxes,  and  vacuum  pumps.  Armstrong  Laboratory 
personnel  used  data  collection  sheets  (Supplement  4.1)  and  photographs  to  document  test  results. 
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SECTION  3 


METHODOLOGY 


3.0  GENERAL 

3.0.1  Description.  The  COI  and  supporting  MOEs/MOPs  for  the  therapeutic,  HALO,  and 
emergency  oxygen  functions  were  designed  to  assess  the  medical  capabilities  of  the  oxygen 
system.  Specifically,  this  testing  effort  was  performed  to  1)  determine  if  the  therapeutic  outlets 
could  provide  sufficient  flow  rates  and  pressures  to  support  ventilators,  2)  determine  if  the  high 
altitude  low  opening  (HALO)  outlets  could  provide  sufficient  flow  rates  and  pressures  to  support 
medical  flow  meters,  and  3)  document  the  effects  of  an  emergency  mask  deployment  on  the 
HALO/  therapeutic  function. 

3.1  COI-1.  Are  solutions  to  previously  identified  deficiencies  effective? 

3.1.1  Scope.  A  static,  instrumented  aircraft  was  used  to  measure  therapeutic  oxygen  pressures 
and  flow  rates. 

3.1.2  Measures  of  Efectiveness/Performance  rMOE/MOPi  and  Evalimtion  Criteria. 

3.1 .2.1  MOE  1-1.  Whether  there  is  sufficient  oxygen  pressure  to  operate  ventilator(s)  fi-om 
therapeutic  outlets.  Criteria:  Quantitative  and  Qualitative. 

3 . 1 .2. 1 . 1  MOP  1-1-1.  Measure  oxygen  system  pressure  with  flow  rate  of  1 00  liters  per  minute 
(1pm)  firom  one  therapeutic  outlet.  Criteria:  50  +/-  5  pounds  per  square  inch  gauge  (psig). 

3 . 1 .2. 1 .2  MOP  1-1-2.  Flow  rate  firom  therapeutic  oxygen  system  with  outlet  pressure  below  45 
psig.  Criteria:  None. 

3 . 1 .2. 1 .3  MOP  1-1-3.  Measure  oxygen  system  pressure  with  flow  rate  of  60 1pm  firom  each  of 
five  therapeutic  outlets.  Criteria:  >  40  psig. 

3.1.3  Mission  Scenarios.  Ground  testing  was  conducted  on  an  instrumented  aircraft  as  outlined 
below. 
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3. 1.3.1  MOP  1-1-1.  Test  cadre  opened  the  primary  and  auxiliary  oxygen  converter  supply 
valves  and  the  HALO/therapeutic  regulators.  Using  a  mass  flowmeter  and  an  adjustable  oxygen 
valve,  the  flow  rate  fi*om  one  therapeutic  outlet  was  set  to  100 1pm.  The  outlet  pressure  was  then 
recorded. 

3.1.3.2  MOP  1-1-2  and  MOP  1-1-3.  Test  cadre  opened  the  primary  and  auxiliary  oxygen 
converter  supply  valves  and  the  HALO/therapeutic  regulators.  Using  mass  flowmeters  and 
adjustable  oxygen  valves,  the  flow  rate  from  each  of  the  five  therapeutic  outlets  was  set  to  60 
1pm.  Outlet  pressures  were  then  recorded.  As  flow  rates  were  being  increased,  the  point  that  the 
outlet  pressure  dropped  below  45  psig  was  noted. 

3.1.4  Method  of  Evaluation.  Test  cadre  documented  pressures  and  flows  on  a  data  collection 
sheet. 

3.1.5  Results.  Test  results  show  there  is  sufficient  oxygen  pressure  to  operate  ventilator(s).  Data 
from  phase  la  (MOPl-1-1)  showed  that  with  a  100 1pm  load  on  the  therapeutic  oxygen  system, 
pressure  was  recorded  at  49.5  psig,  within  the  quantitative  criteria  of  50  +/-  5  psig.  Data  from 
phase  lb  testing  (MOP  1-1-3)  showed  that  with  a  60 1pm  load  on  all  five  therapeutic  oxygen 
outlets,  recorded  outlet  pressure  was  at  43.9  psig,  which  was  within  the  specified  criteria  of  >  40 
psig.  It  was  also  noted  that  it  took  the  system  flowing  at  249.1  1pm  for  the  outlet  pressure  to  fall 
below  45  psig.  As  an  added  measure  for  validation  of  effectiveness,  the  test  cadre  ran  a 
qualitative  test.  Five  ventilators,  three  Bear  33s  and  two  Impact  750s,  were  connected  to  the 
therapeutic  oxygen  system.  Each  ventilator  was  set  to  simulate  a  normal  breathing  profile  (850 
ml  tidal  volume,  16  breaths  per  minute,  and  a  50 1pm  peak  flow).  The  test  cadre  operated  these 
units  in  this  configuration  for  30  minutes  and  the  monitored  therapeutic  outlet  pressure  never  fell 
below  50  +/-  5  psig.  The  previously  identified  deficiency  during  lOT&E  was  not  demonstrated 
during  C-17  FOT&E. 

3.1.6  Recommendations.  Acknowledge  capability  of  the  C-17  therapeutic  oxygen  system  to 
operate  up  to  five  ventilators/respirators. 

3.2  COI-2.  Does  the  C-17  continue  to  effectively  perform  the  air  mobility  mission? 

3.2.1  Measures  of  Effectiveness/Performance  ('MOE/MOPl  and  Evaluation  Criteria. 
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3.2. 1 . 1  MOE  2-1.  Whether  there  is  sufficient  oxygen  pressure  to  operate  medical  flow  meters 
from  HALO  outlets.  Criteria:  Quantitative. 

3.2. 1 . 1 . 1  MOP  2-1-1.  Measure  oxygen  system  pressure  with  simultaneous  flow  of  1 5 1pm  from 
each  of  four  therapeutic  outlets,  20 1pm  from  one  therapeutic  outlet,  and  6 1pm  from  each  of  five 
HALO  outlets.  Criteria:  50  +/-  5  psig. 

3 .2. 1 . 1 .2  MOP  2-1-2.  Measure  oxygen  system  pressure  with  simultaneous  flow  of  1 5 1pm  from 
each  of  four  therapeutic  outlets,  20 1pm  from  one  therapeutic  outlet,  and  15  1pm  from  each  of  five 
HALO  outlets.  Critreria:  None 

3. 2. 1.2  MOE  2-2.  Whether  there  is  sufficient  oxygen  pressure  to  sustain  ventilators/respirators 
after  an  emergency  mask  deployment.  Criteria:  Quantitative. 

3.2. 1.2.1  MOP  2-2-1.  Measure  oxygen  system  pressure  with  simultaneous  flow  of  15  1pm  from 
each  of  four  therapeutic  outlets,  20 1pm  from  one  therapeutic  outlet,  6 1pm  from  each  of  five 
HALO  outlets  and  activation  of  150  emergency  oxygen  masks.  Criteria:  50  +/-  5  psig. 

3.2.2  Mission  Scenario.  Testing  was  conducted  on  an  instrumented  aircraft  as  outlined  below. 

3.2.3  Method  of  Evaluation.  Test  cadre  documented  pressures  and  flows  on  a  data  collection 
sheet. 

3.2.3. 1  MOP  2-1-1  and  MOP  2-1-2.  Test  cadre  opened  the  primary  and  auxiliary  oxygen 
converter  supply  valves  and  HALO  /  therapeutic  regulators.  Using  mass  flowmeters  and 
adjustable  oxygen  valves,  the  flow  rate  on  each  of  four  therapeutic  outlets  were  set  to  15  1pm,  the 
flow  rate  on  one  therapeutic  outlet  set  to  20 1pm,  and  the  flow  rate  on  each  of  five  HALO  outlets 
to  6 1pm.  Outlet  pressures  were  then  recorded.  If  any  MOP  pressure  was  outside  its  criteria  range, 
the  MOE  was  reported  as  deficient. 

3.2.3.2  MOP  2-2-1.  The  test  aircraft  was  configured  with  12  litter  stations,  48  centerline  seats, 
and  54  sidewall  seats.  Test  cadre  opened  primary  and  auxiliary  oxygen  converter  supply 
valves  and  HALO/  therapeutic  regulators.  Using  mass  flowmeters  and  adjustable  oxygen 
valves,  flow  rate  on  each  of  four  therapeutic  oxygen  outlets  was  set  to  15 1pm,  the  flow 
rate  on  one  therapeutic  outlet  was  set  to  20 1pm,  and  the  flow  rate  on  each  of  five  HALO 
outlets  was  set  to  6 1pm.  Outlet 
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3. 2.3. 3  pressures  were  recorded.  Test  cadre  applied  vacuum  to  the  altitude  test  ports  of  two 

emergency  oxygen  regulators  using  suction  piraips.  Altitudes  were  simulated  at  FL250 
and  FL380.  One  hundred  and  fifty  emergency  oxygen  masks  were  then  deployed  and 
activated.  Outlet  pressures  were  recorded  and  compared  to  criteria.  If  any  MOP  pressure 
was  outside  its  range,  the  MOE  was  reported  as  deficient. 

3.2.4  Results. 

3.2.4. 1  MOP  2-1-1  and  MOP  2-1-2.  There  was  sufficient  oxygen  pressure  to  operate  up  to  five 
medical  flowmeters  from  HALO  outlets.  With  therapeutic  and  HALO  outlets  loaded,  outlet 
pressure  was  recorded  at  50.6  psig  (6 1pm  flow  from  each  of  five  HALO  outlets)  and  50.1  psig 
(15  1pm  flow  from  each  of  five  HALO  outlets),  both  within  the  criteria  of  50  +/-  5  psig. 

3. 2.4.2  MOP  2-2-1.  There  was  sufficient  oxygen  pressure  to  sustain  ventilators/  respirators  after 
emergency  oxygen  mask  deployment.  With  150  masks  deployed  and  activated,  outlet  pressure 
was  recorded  at  51.4  psig  (FL250)  and  50.0  psig  (FL380).  Both  of  these  values  are  within  the 
specified  criteria  of  50  +/-  5  psig. 

3.2.5  Recommendations.  Acknowledge  capability  of  HALO  oxygen  system  to  operate  medical 
flowmeters  from  HALO  outlets  with  a  total  load  of  75 1pm  flow. 


SECTION  4 
SUPPLEMENTS 

4.0  ARMSTRONG  LABORATORY  TEST  PLAN. 
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TP  Control  Number 


TEST  PLAN 

C-17  THERAPEUTIC  OXYGEN  SYSTEM  FOLLOW-ON  AND  EVALUATION 

(FOT&E) 


JON:  TBD 
7  January  1996 


AEROMEDICAL  RESEARCH 
CREW  TECHNOLOGY  DIVISION 
AL/CFT 

Brooks  AFB,  Texas  78235 
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PRINCIPAT.  INVESTIGATOR:  Edward  W.  Hade, 

Research  Electronics  Engineer,  AL/CFTS,  Brooks  AFB,  Texas,  (210)  536-2937. 

TEST  PLAN  AUTHOR:  Edward  W.  Hade  (DSN  240-2937) 

ASSOCIATE  INVESTIGATORS:  Lt  Col  Jacqueline  Hale,  TSgt  Butch  Blake 

SPONSORING  AGENCY:  (33rd  Test  Wing  /MSgt  Gary  Jenkins) 

TEST  FACILITY:  These  tests  will  be  accomplished  using  the  Armstrong  Laboratories 
Altitude  Simulators,  Brooks  AFB,  Texas  and  on  site  (Charleston  AFB,  SC). 

TEST  PERIOD:  Last  week  of  February  1996  or  TBD. 

1.0  BACKGROUND:  In  response  to  a  request  from  the  33  FLTS  and  the  C-17  Systems 
Program  Office  (SPO),  AL/CFTS  will  instrument  a  C-17  aircraft  and  conduct  testing  so 
as  to  answer  the  MOE’s/MOP's  from  AMC  TEST  33-1-89/DPT  96-07  dated  April  1996. 

9  n  TEST  ARTICLE  DESCRIPTION: 

The  test  article(s)  will  be  the  standard  C-17  Therapeutic/  HALO  and  Emergency  Oxygen 
System. 

3  0  SCOPE; 

This  test  plan  provides  the  outline  and  guidance  for  measuring  flows  and  pressures  within 
the  C-17  oxygen  system. 


4  0  APPLICABLE  DOCUMENTS: 


MIL-R-83178A 


AIR  STD  61/22 
18  August  1982 


Regulators,  Panel  Mounted, 
Oxygen,  Diluter-Demand, 
Automatic  Pressure  Breathing, 

Specification  For  The  Minimum 
Physiological  Design  Requirements 
For  Aircrew  Breathing  Systems 


5.0  TEST  REQUIREMENTS: 

5.1  GENERAL:  Specifications  to  be  evaluated  are  described  in  the  pass  criteria  section 
of  each  test. 
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5.2  TEST  EQUIPMENT: 


5.2.1  Pre-testing,  Phase  I,  II,  and  III. 

5.2.1. 1  Variable  Profile  Breathing  Simulator  (VPBS)-  The  VPBS  is  a  portable, 
microcomputer-controlled  device  which  will  reproduce  pre-selected  air-flow  profiles  that 
realistically  simulate  human  respiration  patterns. 

5.2. 1.1.1  Specifications: 


Maximum  Flow  Rate 
Breath  Rate 

Maximum  Stroke  (Tidal)  Volume 
Profile  (s) 

Temperature 
Profile  Resolution 


450 1pm 
2to50BPM 
6.75  liters 

Six,  switch  selectable 

32°F-150°F 

500  steps/profile  cycle 


5.2. 1.2  Strip  chart  recorder-  Mfg.:  GOULD,  Model:  2800  &  Brush  200 


5. 2. 1.2.1  Specifications:  The  individual  plug-in  module  typically  used  for  these  tests  is 
the  universal  amplifier. 


Frequency  Response  100  Hz 

Channels  1-8 

Chart  Width  lOOmm/channel 


5.2. 1.3  Fleisch  Pneumotachograph-  Mfg:  OEM  Medical/  Whittaker  Medical 
Manufacturing,  Model:  i/a  7319,  Number  1 

5.2.1.3.1  Specifications: 

Model  Number  For  Deliveries  ID  Length  Dead  Space  Weight 
i/a  #1  601pm  18  mm  60  mm  15  ml  90  g 

5.2.1.4  Variable  reluctance  differential  pressure  transducers:  Mfg.:  Validyne  Engineering 
Corp.,  Model  (s)  DP45  (Flow),  DP  15  (Pressures),  and  P305  (Pressure) 


5.2.1.4.1  Specifications: 

Linearity 

Output 

Zero  balance 

Temperature 

Thermal  Zero  Shift 

Accuracy 


+/-  1/2%  FS  best  straight  line 
35  mV/V  full  scale  nominal 
Within  5mV/V 
-65°Fto250°F 
0.01%  FS/°F  Typical 
+/-  0.25%  for  differential 
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5.2. 1.5  Perkin-Elmer  Medical  Gas  Analyzer-  Model  1 100 

5.2. 1.6  Filtered  0-5  v  DC  variable  power  supply  (if  valve/regulator  is  electronic). 


5. 2. 1.7  High  gain  carrier  demodulators  used  to  provide  transducer  excitation,  and  to 
amplify  and  demodulate  the  output  of  the  variable  reluctance  differential  pressure 
transducers  (#4  above).  Mfg:  Validyne  Engineering  Corp.,  Model  (s):  CD15  Basic  Signal 


Conditioner  and  CD12  Transducer  Indicator. 

5. 2. 1.7.1  Specifications: 

Input  Sensitivity 
Diff  Amp  Input  Z 
Gain 
Zero 

Freq  Response 

Common  Mode 
Rejection 


0.9-75  mVA^ 

120K  Ohms  to  common,  each  input 
+/-  0.005%/°F 
+/-  0.001%/°  F 

Flat  +/-  10%  from  DC  to  selected 
firequency  of  0.1, 1, 10, 100  Hz  or  1  kHz 

100  db  DC-120  Hz 


5.2. 1.8  Tylan  Model  FM362  Mass  Flowmeters 


5.2. 1.8.1  Specifications: 
Ranges: 


Indication: 


0  to  30  slm 
0  to  50  slm 
0  to  100  slm 
0  to  150  slm 
0  to  300  slm 

Output  0-5  vdc  linearity  to  mass 
flow  rate 


Accuracy: 

Linearity: 

Repeatability: 


+/-  2%  of  full  scale 
0.5%  of  full  scale 
+/-  0.2%  of  full  scale 


5.2. 1.9  Tylan  Power  Supplies  Model  PS14 
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5.2.1.9.1  Specifications: 


Environmental: 
Electrical: 
Output  Ripple: 
Output  Voltages: 


Input  Voltage 


0to40OC 


25  mv  RMS  Max 

+5.000  +/-  0.050  vdc 
+15.0  +/-  0.6  vdc 
-15.0  +/-  0.6  vdc 

115vac+/- 10%,  50-500  Hz 


5.2.1.10  Bio-tek  Instruments  Universal  Biometer  Model  DPM-III 

5.2.1.10.1  Specifications: 

Operate  Temperature,  Range:  10  to  40^0 

Linearity:  +/-  0.5% 

Accuracy:  +/- 1%  of  reading  (up  to  15  psi) 

+/-  2%  of  reading  (all  other) 

Repeatability:  0.15% 

5.2.1.11  Permagage  Pressure  Guage  ID  A453155/A9862. 

5.2.1.11.1  Specifications: 

Accuracy:  -  +/-  2.5  %  Full  Scale 

5.2. 1 . 12  Labview  Data  Acquisition  System:  A  microcomputer  with  multitasking 
capability,  real  time  data  acquisition  and  a  high  resolution  graphic  display.  A/D  board 
provides  sixteen  channels  of  analog  to  digital  conversion  at  a  rate  of  500  samples  per 
channel,  two  digital  to  analog  channels,  and  eight  digital  input/output  lines. 
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5.2.3  Test  Hardware 


5.2.3. 1  All  tests  will  require  the  following  equipment: 


ITEM 

Medical  Flowmeters 

Various  Oxygen 
Connectors  and 
hoses. 

Flowmeter  Switchbox 
and  Cables 


Manufacturer 
Ohio  Medical 
Procured  locally 

Manufactured  by  Base 
Fabrication  Facility 


5.3  TEST  CONDITIONS: 

5.3.1  Environmental:  All  tests  shall  be  conducted  at  local  ambient  temperature  and 
barometric  pressure  that  shall  be  recorded  at  the  time  of  the  tests.  This  information  shall 
be  available  for  computation  of  test  data,  where  required,  to  normal  temperature  and 
pressure  (NTP)  conditions.  NTP  conditions  shall  be  29.92  inches  of  mercury  and  70  °F. 


5.3.2  Test  Setup:  As  required  for  each  phase  of  testing. 

5.3.3  Tests  to  be  Performed: 

5. 3.3.1  Phase  la  and  lb 

5. 3.3. 1.1  Compare  data  to  requirements  as  stated  in  section  3.7.1.7.8.3  of  the  C-17  Air 
Vehicle  Specification  (two  tests)  and  demonstrate  acceptable  oxygen  system  operation. 

Test  Objective:  Per  paragraph  3.7.1.7.8.3  Aeromedical  Oxygen  MDC  S002  (I)  C  dated  1 
August  90:  a)  Verify  that  Ae  therapeutic  oxygen  system  has  the  flow  rate  capability  of 
100 1pm  from  any  one  of  the  therapeutic  outlets  while  maintaining  an  internal  operating 
pressure  of  50  ±  5  psig  at  all  outlets,  b)  Verify  that  the  therapeutic  oxygen  system  has  the 
flow  rate  capability  of  at  least  60 1pm  per  outlet  from  all  five  of  the  therapeutic  outlets 
simultaneously  while  maintaining  an  internal  pressure  of  at  least  40  psig  at  all  outlets. 


A 
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Test  Procedure: 


(a)  Perform  at  ground  level. 

(b)  Verify  both  primary  and  auxiliary  Passenger/Troop  oxygen  converter  supply 
valves  are  open. 

(c)  Verify  both  therapeutic  and  HALO  regulators  are  open  and  one  therapeutic 
outlet  is  flowing. 

(d)  Using  Tylan  and  adjustable  oxygen  valve,  set  flow  rate  to  100 1pm  from 
therapeutic  outlet  #  1 . 

(e)  Record  therapeutic/HALO  regulator  outlet  pressure  at  therapeutic  outlets  #1,3 
and  5  as  well  as  at  HALO  outlets  #3  and  4.  [Phase  la]. 

(f)  Slowly  increase  flow  rate  from  therapeutic  outlet  #1  until  therapeutic/HALO 
regulator  outlet  pressiure  drops  below  45  psig.  Record  flow  rate. 

(g)  Open  all  five  therapeutic  outlets.  Using  Tylan  flowmeters  and  adjustable 
oxygen  valves,  set  flow  rate  to  60 1pm  at  each  outlet. 

(h)  Record  therapeutic/HALO  regulator  outlet  pressure  at  therapeutic  outlets  #1 , 

3  and  5  as  well  as  at  HALO  outlets  #3  and  4.  [Phase  lb]. 

Pass  Criteria:  For  (e)  (phase  la)  above-Regulator  outlet  pressure  stays  within  50  +/-  5 
psig.  For  (h)  (phase  lb)  above-  Regulator  outlet  pressure  stays  above  40  psig. 


5. 3. 3.2  Phase  2a  and  2b 

5. 3. 3. 2.1  Demonstrate  acceptable  Aeromedical  oxygen  system  operation  using  demand 
profiles  outlined  by  HQ  AMC/SGXR  (Maj  Gonsalves). 

Test  Objective:  Demonstrate  acceptable  Aeromedical  oxygen  system  operation  during 
demand  profiles  outlined  by  HQ  AMC/SGXR  (Maj  Gonsalves).  These  profiles  simulate 
system  requirements  necessary  to  support  a  maximum  configuration  Aeromedical 
Mission. 


Test  Description:  The  therapeutic/HALO  system  will  be  loaded  in  the  following 
configviration: 

(a)  Four  therapeutic  outlets  at  15  1pm. 

(b)  One  therapeutic  outlet  at  20 1pm. 

(c)  Five  HALO  outlets  at  6 1pm. 


Test  Procedure: 

(a)  Perform  at  ground  level. 

(b)  Verify  both  primary  and  auxiliary  Passenger/Troop  oxygen  converter  supply 
valves  are  open. 

(c)  Verify  both  therapeutic  and  HALO  regulators  are  open  and  5  therapeutic 
outlets  and  5  HALO  outlets  are  flowing. 

(d)  Using  Tylan  flowmeters,  set  flow  rate  to  15  1pm  from  4  of  the  therapeutic 
outlets,  20 1pm  from  the  last  therapeutic  outlet,  and  6 1pm  from  5  of  the  HALO  outlets. 

(e)  Record  therapeutic/HALO  regulator  outlet  pressure  at  therapeutic  outlets  #1,3 
and  5  as  well  as  at  HALO  outlets  #3  and  4.  [Phase  2a]. 

(f)  Slowly  increase  flow  rate  from  the  5  HALO  outlets  (which  had  been 
previously  set  to  6 1pm  in  step  (d)  above)  to  15  1pm  and  record  therapeutic/HALO 
regulator  outlet  pressure  at  therapeutic  outlets  #1,  3  and  5  as  well  as  at  HALO  outlets  #3 
and  4.  [Phase  2b]. 

Pass  Criteria:  (phase  2a  and  2b)  Regulator  outlet  pressure  stays  vrithin  50  +/-  5  psig. 
5.3.3.3  Phase  2cl,  Phase  2c2,  and  Phase  2c3 

5. 3. 3. 3.1  Demonstrate  acceptable  Aeromedical  oxygen  system  operation  using  demand 
profiles  outlined  by  HQ  AMC/SGXR  (Maj  Gonsalves). 

Test  objective:  Demonstrate  acceptable  Aeromedical  oxygen  system  operation  using 
demand  profiles  outlined  by  HQ  AMC/SGXR  (Maj  Gonsalves).  In  addition  to  the 
regulator  loading  profiles  outlined  in  Phase  2a  and  2b  (section  5. 3. 3. 2.1),  the  litter,  center 
line,  and  sidewall  masks  (total  of  150  masks)  will  be  deployed  and  activated  placing  an 
additional  demand  on  the  oxygen  system.  Our  objective,  during  this  phase  of  testing,  will 
be  to  determine  and  measure  to  what  affect  this  additional  loading  has  on  the  therapeutic/ 
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HALO  oxygen  system.  This  loading  will  be  accomplished  and  effects  measured  while  at 
ground  level,  simulated  altitude  of  25K  ft  and  at  a  simulated  altitude  of  38K  ft. 

Test  description:  The  therapeutic/HALO  system  will  be  loaded  in  the  following 
configuration: 

(a)  Four  therapeutic  outlets  at  15  1pm. 

(b)  One  therapeutic  outlet  at  20 1pm. 

(c)  Five  HALO  outlets  at  six  1pm. 

Test  Procedure: 

(a)  Perform  at  ground  level.  [Phase  2cl] 

(b)  Verify  both  primary  and  auxiliary  Passenger/Troop  oxygen  converter  supply 
valves  are  open. 

(c)  Verify  both  therapeutic  and  HALO  regulators  are  open  and  5  therapeutic 
outlets  and  5  HALO  outlets  are  flowing. 

(d)  Using  Tylan  flowmeters,  set  flow  rate  to  15  1pm  fi’om  four  of  the  therapeutic 
outlets,  20 1pm  fi-om  the  last  therapeutic  outlet,  and  6 1pm  fi-om  5  of  the  HALO  outlets. 

(e)  Insert  Permagage  calibrated  pressure  meter  in  place  of  C-1 7  system  pressure 

meter. 

(e)  Record  internal  system  pressure  and  therapeutic/HALO  regulator  outlet 
pressure  firom  the  pressure  meter  in  (e)  above  as  well  as  therapeutic  outlet  #1  and  HALO 
outlets  #3  and  4. 

(f)  Deploy  and  activate  the  litter,  centerline,  and  sidewall  masks  (total  of  150 

masks). 


(g)  Again  record  internal  system  pressure  and  therapeutic/HALO  regulator  outlet 
pressure  from  the  pressure  meter  in  (e)  above  as  well  as  therapeutic  outlet  #1  and  HALO 
outlets  #3  and  4. 

(h)  Insert  suction  machine  output  connector  into  the  emergency  regxilators 
altitude  test  port  and  adjust  to  282.4  mmHg  (25  K  ft)  [Phase  2c2]. 

(i)  Record  internal  system  pressure  and  therapeutic/HALO  regulator  outlet 
pressure  from  the  pressure  meter  in  (e)  above  as  well  as  therapeutic  outlet  #1  and  HALO 
outlets  #3  and  4. 
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(j)  Adjust  suction  machine  ou^ut  to  read  155.4  mmHg  (38  K  ft).  [Phase  2c3]. 

(k)  Record  internal  system  pressure  and  therapeutic/HALO  regulator  outlet 
pressure  from  the  pressure  meter  in  (e)  above  as  well  as  therapeutic  outlet  #1  and  HALO 
outlets  #3  and  4. 


Pass  Criteria:  (Phase  2cl,  2c2,  and  2c3)  Regulator  outlet  pressure  stays  within  50  +/-  5 
psig. 


EDWARD  W.  HADE,  BSEE 
Research  Electronics  Engineer 


Approved/Disapproved 


JACQUELINE  D.  HALE,  Lt  Col,  USAF,  NC 
Chief,  Aeromedical  Research 
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